Objectives-The purpose of this study was to investigate the relationship between the maternal body mass index (BMI) and the accuracy of ultrasound-derived birth weight.
stimation of fetal weight is an important component of the assessment of the pregnant patient. The accuracy of the estimation has obvious implications relating to the safety of the approach to an instrumental vaginal delivery or the necessity of a cesarean delivery. Ultrasound has not been considered to be more accurate than Leopold maneuvers in the normal range for fetal weight at term. [1] [2] [3] However, as the rate of obesity has risen in the United States and other countries, the clinical estimation of fetal weight by Leopold maneuvers has become more challenging for the clinician and has been found to be less accurate in obese patients. 4 This factor combined with the easy access to ultrasound technology and recommendations by professional societies to periodically assess fetal growth in medically complicated pregnancies (often in patients with obesity) has led to many patients having an ultrasound estimation of fetal weight. 5, 6 The accuracy of this assessment as the maternal body mass index (BMI) increases is unknown, with studies showing either decreasing accuracy of fetal weight assessment as BMI increases 7, 8 or equivalent accuracy across the BMI range. [9] [10] [11] Decreasing accuracy of fetal weight assessment as the BMI increases creates a problem, as an increasing BMI is related to increasing rates of macrosomia, and ultrasound is the most accurate in predicting birth weights in fetuses weighing between 2500 and 4000 g. 3 Currently popular algorithms have been shown to both overestimate 12 and underestimate 13 fetal weight at the extremes of this range, with studies showing decreased accuracy in prediction outside the above-mentioned range.
14 The American College of Obstetricians and Gynecologists recommends consideration of a cesarean delivery to prevent birth trauma in nondiabetic pregnant patients who have an estimated fetal weight of greater than 5000 g and in diabetic pregnant patients who have an estimated fetal weight of 4500 g or greater.
2 Whether the maternal BMI has an effect on the accuracy of this prediction in diabetic mothers is yet to be elucidated.
Our study aimed to assess the relationship between the maternal BMI and accuracy of ultrasound-derived birth weight. Secondary outcomes included the accuracy of ultrasound in predicting birth weight when controlling for maternal race and maternal diabetes status.
Materials and Methods
We conducted a retrospective cohort study. Approval was granted by the University of Arizona Institutional Review Board (approval number 1407400846). We performed a chart review of all patients presenting to the University Medical Center for a fetal growth assessment at 36 to 43 weeks' gestation. Power calculations were not performed for this study. The study period spanned from March 31, 2012, to June 30, 2014.
Inclusion criteria were singleton pregnancy, a growth ultrasound examination at 36 weeks' gestation or greater, delivery at 36 to 43 weeks' gestation, and a recorded birth weight. Exclusion criteria were multiple gestation, gestational age at delivery of less than 36 weeks or greater than 43 weeks, stillbirth, lack of delivery data, and a fetal abnormality that would affect estimation of fetal weight (such as amniotic bands resulting in missing fetal parts).
Dating was established by the patient's clinician. The researchers did not adjust based on the dating. However, there are established guidelines for the determination of gestational age and at our institution. Gestational age is determined by the last menstrual period consistent with an ultrasound-derived age. If the patient's ultrasound-derived age is greater than 7 days different in the first trimester, 14 days different in the second trimester, or 21 days different in the third trimester, that patient is dated by the ultrasound examination itself. Many of the ultrasound examinations performed to determine gestational age would have been examinations performed by the sonographers performing the growth ultrasound examinations that were the subject of this study; however, some would have been performed by the obstetric clinicians themselves in their clinics (generally a first-trimester crown-rump length).
The ultrasound-derived estimated fetal weight was calculated from the fetal head circumference, biparietal diameter, abdominal circumference, and femur length. The fetal weight was calculated by the ultrasound software according to the formula of Hadlock et al. 15 Ultrasound examinations were performed by trained sonographers (n 5 3) during the study period. All 3 are accredited to perform fetal growth assessment and have several years of experience in performing ultrasound examinations. Additionally, 2 identical ultrasound machines (Voluson E8; GE Healthcare, Waukesha, WI) were used for all ultrasound procedures.
The ultrasound-derived estimated birth weight was calculated by correcting for the interval between the ultrasound examination and delivery by adding 30 g to the ultrasound-derived fetal weight per day that had elapsed since the ultrasound was performed. We then compared the ultrasound-derived estimated birth weight to the measured birth weight of each neonate. Thirty grams was chosen to reflect the average weight gained at this gestational age, based on the Fenton growth algorithm. 16, 17 The BMI was calculated by using the patient's height as recorded in the patient's chart and her weight from her admission for delivery. If her weight was not recorded at admission for delivery, the weight from the last clinic visit was used.
The definitions for normal, overweight, and the classes of obesity have been established by the World Health Organization, and these categories were used for this study. 18 As the BMI is a continuous variable, linear regression analyses were conducted to test the maternal BMI as a predictor of the ultrasound-derived fetal birth weight and actual birth weight. Further analyses were conducted to assess how maternal diabetes and race affected the accuracy of using the maternal BMI to predict fetal birth weight. All analyses were performed with Stata version 12 statistical software (StataCorp, College Station, TX). P < .05 was considered statistically significant. . Diabetes was identified in 103 patients (25.6%). Of the diabetic patients, A1 gestational diabetes was found in 42 (40.8%), A2 gestational diabetes in 32 (31.1%), type 2 diabetes in 17 (16.5%), and type 1 diabetes in 12 (11.7%).
The predicted weight of the neonates at delivery (3677.07 6 540.51 g) was higher than the actual birth weight (3335.92 6 585.46 g). As the BMI increased, so did both the estimated and actual birth weights ( Figure  1) . A linear regression analysis using the BMI alone in predicting the estimated and actual birth weights was statistically significant (P < .01). For every 1-point increase in the BMI, the predicted and actual birth weights increased by 16.71 and 18.25 g, respectively.
The average interval between the ultrasound examination and delivery was of 12 3 = 4 days, with a range of 0 to 46 days. The birth weights were most commonly between 3000 and 4000 g; however, at delivery, 30 neonates weighed between 4000 and 4499 g, and 13 weighed greater than 4500 g.
The accuracy of the ultrasound-derived birth weight was calculated by using the estimated birth weight as a percentage of the actual birth weight. The accuracy of the ultrasound-derived birth weight was not affected by the maternal BMI when these calculations were performed looking at the weight difference either in grams (P 5 .47) or as a percentage of the birth weight (P 5 .22; Figure 2 ). In this cohort, birth weights were overestimated by ultrasound an average of 341 g. This trend was found across the BMI range and was not affected by the maternal weight status.
Maternal diabetes did not affect the accuracy of ultrasound-predicted birth weights (P 5 .65). Maternal race (white or Hispanic) also did not significantly affect the accuracy of ultrasound-predicted birth weights (P 5 .61).
Discussion
We performed a retrospective cohort study assessing the role of the maternal BMI in the accuracy of ultrasound in predicting birth weight. In our study, we confirmed the already well-documented link between maternal obesity and a larger birth weight 19 (an average 18-g increase in birth weight per 1-unit increase in the BMI). Our ultrasound data also reflected this finding in that the ultrasound-derived fetal weights were larger as mothers' BMIs increased (17 g per 1-unit increase in the BMI). We did not find an association between the maternal BMI and the accuracy of ultrasound in predicting birth weight, nor did we find that maternal race (white or Hispanic) or maternal diabetes status had any effect on the accuracy of ultrasound in predicting birth weight.
Our study had several strengths. We assessed ultrasound data from a single institution over a short period and were able to assess just more than 400 patients. Our clinic population is made up mainly of white and Hispanic patients, representative of the surrounding population demographics. This factor provided a somewhat homogeneous sample for study. Additionally, limiting the gestational age to a small window (36-43 weeks) limited the influence of differing fetal growth by gestational age.
Weaknesses of our study included the retrospective nature of the work. Medical records were used to collect data. Although maternal weights were documented at most visits, occasionally the patient's weight was not recorded at admission for delivery. In these cases, the most recent maternal weight was taken from the chart, which was usually within 1 week, as prenatal visits are weekly at term. Still, it is possible that the maternal weight could have differed up to several pounds from that recorded in the chart. Likewise, inaccuracies in height measurement or having the nurse enter the patient's reported height as opposed to a measured height could have altered the BMI accuracy. That being said, the small differences likely to be reported in the above scenarios were unlikely to have changed the BMI substantially.
Another limitation was that we did not perform growth ultrasound examinations in our entire obstetric population. These examinations were ordered at the discretion of the provider. There are some guideline-driven reasons for ultrasound examinations close to term, 20 hence the overrepresentation of diabetes in our sample. Other patients may have had ultrasound examinations because their clinicians were unable to accurately estimate fetal weight in their own opinion, leading to selection of patients with a higher BMI for ultrasound examinations, as Leopold maneuvers may have been more difficult in these patients because they were thought to be "small" or "large" for dates, or because they had another medical indication for a fetal weight estimation. The reasons were not elucidated, as the indication for the ultrasound examination was not ascertained in the record review.
The previous limitation leads into an additional limitation: although the recommended 25-to 35-lb weight gain recommended in pregnancy may place many women in the "overweight" category at term, we note that 90% of this sample were categorized as overweight. This factor could be the reason that we did not find a relationship between the BMI and the accuracy of ultrasound-predicted birth weight. Although there was a wide range of BMIs studied, and the BMI was treated as a continuous variable (rather than separation of patients into groups based on BMI), the low proportion of normal-weight patients was a limitation. Previous research has assessed growth curves for the fetuses of women with different BMIs 21 and the accuracy of ultrasound examinations by BMI category with a larger group of women with a normal BMI when performed at a preterm gestational age. 22 These studies established that birth weight can be predicted at a range of BMIs. However, these studies did not specifically address the question of whether a single ultrasound examination near the due date is of value in predicting fetal weight. Future research with patients undergoing ultrasound examinations at term using a sample with more patients in the recommended weight category might find a relationship between the BMI and the accuracy of ultrasoundpredicted birth weight.
We were not able to control for all confounding factors in this study. For example, apart from ethnicity, age, and diabetes status, other factors related to fetal growth were not investigated. However, this study was not intended to identify which conditions cause differences in fetal growth; rather, it was used to assess the accuracy of our prediction. In theory, a patient with no confounding variables should have as accurate an assessment as a patient with multiple confounders.
Last, although we attempted to correct for the time elapsed between the ultrasound examination and birth by adding 30 g to the fetal weight per day of gestation, this approach may have been a poor method of correction. We chose 30 g because of the average weight gain at a term gestation. 16, 17 However, there is not an established method of correcting for days of gestation. At the extremes of fetal weight, it is likely that the gain would be less or greater than this amount. We chose not to adjust by week of gestation, as the number of grams in the difference would have been a maximum of 63 g per day.
16, 17 We chose not to adjust for fetal sex because the difference in grams of weight gain per day by sex was also minimal. 16, 17 Ultrasound for the prediction of birth weight was equally accurate across the BMI range studied in this cohort. We did note an increase in both predicted and actual birth weights as the BMI increased. However, the BMI did not affect the accuracy of estimated ultrasoundderived birth weight. Likewise, maternal race and diabetes status did not influence the accuracy of ultrasoundderived predicted birth weight.
